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(54) Process for producing lactic acid-fermented soybean milk 



(57) Lactic acid-fermented soybean milk is pro- 
duced by adding a soybean protein coagulating agent 
to starting soybean milk, heating the starting soybean 
milk containing the coagulating agent at 70°C to 150°C 



for 1 second to 10 minutes, homogenizing the heated 
soybean milk and then subjecting the homogenized soy- 
bean milk to lactic acid fermentation. The lactic acid-fer- 
mented soybean milk has a good flavor, a smooth 
mouthfeei and a refreshing aftertaste. 
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and acridity, due to minor components of soybeans such as 2 J e ^ n ^ been propose dto improve a flavor 

63-7743, JP-A 2-167044, JP-A 6-276979^JP^ 

Kd improve the favor of soybean milk because^ (soyb a curd made Uo V ^ ^ ^ g Qf 
according to a traditionai method has an J^STi add ed to soybean milk to improve flavor, there 

hydroxide of alkaline earth metal such m J^S^lS^ a tofu-like coagu.ated mass due to aggregate 
are different problems such as increase ^Tl^e^prMe^, various methods have been proposed (e.g.. 
of protein in soybean milk. Therefore r i order to so v e * ese ^ . 25458 and JP . A 5 -308900). 

JP P A 52-90662, JP-A 53-96356, JP-A 5A ^'J^^toX^ production of soybean milk itself and do not teach 
[0006] However, these latter known oWained by adding a coagulant to starting soybean m.lk, 

[0008] As described above, the un.que unp «Mrt tow« soy fQrmed by lactic acld fer mentabon. 

such as bitterness is caused. for producing , a ctic acid-fermented soybean 

hose skilled in the art from the following ^scr.pti^ ^ jnventors have studied a process 

[0011] in order to attain the above objectives of Resent 'nventK, P ^ ^ capabl „ t of 

oTproducing lactic acid-fermented soybean ^"TJ^^S soybean milk. Then, the present inventors 
sovbean protein is closely related to the texture of lactic acid Bjjm y been fu(ther found that the 

invention has been accomplished. tor produC ing lactic ^enronted 

rooi21 That is, according to the present invention, there is p ovioe H h tartjng SO y be an m.lk containing 

,s sZean™^ 

the coagulant at 70°C to 1 50°C for 1 second to 10 minutes, £omogen.z g ^ ^ more members SQ| < ed 

he homogenized soybean milk to lactic acid ^tgTuconTc 5°acfone. The coagulant is preferably added 

soybean milk having a better flavor can be ° bta,n ^. are soaked in wa ter or are hydrated without soaking, 
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by filtration to obtain the starting soybean milk. Preferably, whole soybeans, denuded soybeans, or dehulled and hy- 
pocotyl-removed soybeans are allowed to contact warm or hot water at 50°C to 100°C to remove components which 
are soluble in the warm or hot water. Then, the soybeans are ground, followed by removing the insoluble Iraction. 
[0015] Preferably, the starting soybean has a pH of 7 to 8 because the pH is reduced by addition of a coagulant. 
s When the pH of the starting soybean milk is too low, soybean protein is liable to be denatured, which causes a rough 
texture after treatment with the coagulant. 

[0016] The coagulant to be used in the present invention is selected from natural bittern (made from sea water in a 
salt pan), salts and hydroxides of alkaline earth metals, for example, magnesium hydroxide, magnesium salts (e.g., 
magnesium chloride or magnesium sulfate, calcium hydroxide, calcium. salts (e.g., calcium sulfate, calcium chloride, 

10 calcium lactate or whey calcium) and gluconic S-lactone. They can be used alone or in combination. 

[0017] All the above coagulants are recognized to be useful for reducing grassy-smelling, bitterness and the harsh 
taste of soybean milk. Among them, bittern and magnesium salts are more effective than calcium salts from the view- 
point that a rich flavor such as a milky flavor can be given to soybean milk. In comparison with the other magnesium 
salts and calcium salts, gluconic 5-lactone has less flavor-improving effect and, therefore, the latter is preferably used 

is in combination with the other magnesium salts and calcium salts. Further, an organic acid such as fumaric acid can 
be used instead of gluconic 5-lactone. 

[0018] The amount of the coagulant to be used in the present invention varies according to the particular kind of 
coagulant. However, normally, the coagulant as a salt is added in an amount of 1 % to 4% by weight based on the solids 
content of the starting soybean milk, and 2% to 8% by weight based on the crude protein content of the starting soybean 

20 milk. When the amount of the coagulant is less than 2% by weight based on the crude protein content of the starting 
soybean milk, the reducing effect on grassy-smelling, bitterness and the harsh taste of soybean milk cannot be ex- 
pected. On the other hand, when the amount of the coagulant is more than 8% by weight, the coagulant causes an 
acrid taste. In addition, the pH of the soybean milk is reduced which results in flavor deterioration and too much coag- 
ulation of the soybean milk. The latter causes difficulty in the subsequent homogenization step, with a view to improve- 
rs ment of flavor, 3% to 7% by weight based on the crude protein content of the starting milk is preferred. 

[001 9] The coagulant can be added any time before the heating step. However, when the coagulant is added in such 
an amount that a tofu-like coagulated mass is formed in the soybean milk, after addition of the coagulant, preferably, 
stirring is continued until pre-homogenization to prevent separation of the soybean milk into a coagulated mass part 
and a supernatant part to facilitate the subsequent heating. 

30 [0020] Pre-homogenization is not necessarily required so long as the coagulated mass formed by addition of the 
coagulant to the starting soybean milk does not cause any difficulty in treatment by the subsequent heating step. 
However, preferably, the starting soybean milk to which the coagulant has been added is subjected to pre-homogeni- 
zation. For pre-homogenization, any known homogenizing means such as a homogenizercan be employed. Preferably, 
pre-homogenization is carried out under a pressure of 10 kg/cm 2 to 100 kg/cm 2 . 

35 [0021] Heating in the present invention is carried out at a temperature at which the reaction of the coagulant with 
the starting soybean milk is promoted, i.e., at 70°C or higher. Preferably, heating is carried out by a direct high-tem- 
perature short-time method with steam. When the heating temperature is lower than 70°C, the reaction of the coagulant 
with the soybean milk is insufficient and improvement of flavor and mbuthfeel is not expected. 
[0022] It is presumed that this heat treatment contributes to (1) prevention of re-aggregation upon reheating the 

40 soybean milk thus treated, and (2) improvement of flavor of the treated soybean milk by means of (a) lowering of 
viscosity and the finely divided coagulated mass brought about by further denaturation of soybean protein at a high 
temperature under high pressure upon mixing the coagulated soybean milk with steam at a steam injection part, and 
(b) deodorant effect brought about by pressure reduction in a flash pan during this heat treatment. 
[0023] Normally, the treatment by a direct high-temperature short-time or ultra-high temperature method is carried 

45 out at 1 20°C to 1 50°C for 1 second to 10 minutes, preferably 2 seconds to 10 seconds. 

[0024] In the present invention, after heating, the heated soybean milk is subjected to homogenization. Homogeni- 
zation can be carried out by any know homogenization means such as a homogenizer. Preferably, homogenization 
can be carried out with a pressure homogenizer under a pressure of, for example, 5 kg/cm 2 to 200 kg/cm 2 . 
[0025] This homogenization greatly affects mouthfeel of lactic acid-fermented soybean milk obtained by lactic acid 

50 fermentation and : when this homogenization is not carried out or carried out under a pressure of bwer than 5 kg/cm 2 , 
the resultant lactic acid-fermented soybean milk has a rough mouthfeel and loses refreshing aftertaste. 
[0026] For lactic acid fermentation of the starting soybean milk containing the coagulant thus obtained, addition of 
saccharides assimilable by lactic acid bacteria (e.g., oligosaccharides ) are not necessarily required. However, addition 
of such saccharides promotes lactic acid fermentation to obtain lactic acid-fermented soybean milk having an excellent 

55 flavor. 

[0027] Lactic acid bacteria used for the lactic acid fermentation of the present invention are not limited to a specific 
one and any lactic acid bacteria can be used as far as they are used for fermentation of conventional yogurt. Examples 
of lactic acid bacteria to be used include known strains such as Lactobacillus bulgaricus, Lactobacillus acidophilus, 
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fruit type flavored products. invention in detail, but are not to be construed to limit 

Water (10 parts) was added to dehui.ed and ^.-^ 
^aklntewater^ 

absorbed sufficient water (water content. 40 A to 55 ^ Hot w ^ P ^ ^ g g (manufac ured 

hypocotyl-removed soybeans in the hydrated state » (1 ^ sodium bicarbonate solution to ad,ust to pH 

by Masuko Sangyo) to obtain puree. To the puree was add* ^ ue ° and hornogenize d under a pressure o 

7 V 4 to 8.0. Then, the puree was fed to a ^^^S^SSSi 5 minutes to separate into starting soybean milk 
170 kg/cm*. The resultant homogenate was ce J^^f °° ng G soybean milk bad a solids content of 9.0%, and a 
and "okara" (insoluble residue known as soy pulp). The starring 

protein content of 4.5% and the P H was 7.5. Danbittern (manufactured by Ako Kasei), magnesium chloride 

fo0341 To the starting soybean m k ^J^^^SL sulfate (manufactured by Kishida Kagaku, food 
manufactured by Kishida Kagaku. food additive grade), orca fierent coagula nts. 

Ee grade) to evaluate the ^^^J^SSL anaqueous solution or dispersion of each 

"rnipW/us, and Bifidobacterium ^ m ^^ ^^ e ^ bean milk was fermented in a culture tank at 
^SfiKS ring to k to obtain a lactic acid-fermented soybean 

EE obtained were masked and a rich flavor ^9"^^^^ soybean milk (about 4% based on the crude 
Tan amount of 2.0% by weight based on the solids i content^ of ™ s ™ ep m| ,^ When the coagulant was added 
prSefn content of the soybean milk) the ^^^iT^Tco^Z of the starting soybean milk (about 7% 
in an amount of 3.5% by weight of ^ coagulant based on he s ^ ^ g ^ u4ike ^ ^ „ ght , y 

based on the crude protein content of the soybe n ^ h8 ^ added ^ n an am0 unt less than 1 .0% based on the 
so harsh taste of the coagulant. However, when the H»aguM was ^ Qf 

solids content of the starting soybean milk *^J^ nt was added , n an amount of more than 4.0% based 

milk), a masking effect was scarcely expected. When the ^^gulantw ^ ^ ^ proiein Qf the 

55 SJ ,add*ion,viscosityand P ^^ 
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the coagulant and workability was very good. However, when the amount became more than 3%, Increase in viscosity 
and particle size was recognized. When the amount became 4.5%, the soybean milk became apaste and workability 
was very bad. 

[0039] Regarding the flavor of the end product after fermentation, the soybean milk using bittern or magnesium 
chloride tasted very good. The soybean milk using calcium sulfate was somewhat inferior to those obtained using the 
other coagulants from the viewpoint of rich flavor. Regarding mouthfeel, there was little difference between the coag- 
ulants used and, even when the coagulant was added in an amount of 2% to 3.5%, the fermented soybean milk was 
smooth and had a refreshing aftertaste without any rough mouthfeel. When the amount was 4.5%, the fermented 
soybean milk was smooth, but rough mouthfeel was caused and the product was bad. 

[0040] The results are summarized in Tables 1 and 2. In Table 1 , viscosity was measured by a Brookfield viscometer 
(BM model) at 10°C. The particle size was measured by a laser diffraction size distribution measurement device LA 
. 500 (manufactured by Horiba Seisakusho). In Table 2, the flavor and mouthfeel of the resultant lactic acid-fermented 
soybean milk was evaluated by panelists organoleptically based on the following criteria. 
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Physical properties of soybean milk treated by coagulant (before lactic acid fermentation) 



Coagulant 


Amount of coagulant (%) 


pH (15°C) 


viscosity (cps) 


Particle size (|im) 


without addition 




7.50 


11 


0.98 


bittern 


0.8 


7.30 


11 


1.00 


2.0 


7.03 


12 


1.07 


3.5 


6.90 


270 


9.49 


4.5 


6.83 


* 




MgCI 2 


0.8 


7.34 


11 


1.00 


2.0 


6.97 


13 


1.10 


3.5 


6.87 


315 


10.21 


4.5 


6.81 


* 




CaS0 4 


0.8 


7.30 


11 


1.00 


2.0 [ 


6.88 


14 


2.13 


3.5 


6.77 


1740 


14.98 


4.5 


6.70 


* 





*: paste, immeasurable 



Table 2 



Flavor and physical properties of soybean milk after lactic acid fermentation 


Coagulant 


Amount of coagulant (%) 


Flavor 


Mouthfeel 


without addition 




C 


C 



55 
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Table 2 (continued) 



Coagulant 



Amount of coagulant (%) 



bittern 



0.8 



2.0 



3.5 



10 



15 



20 



4.5 



MgCI 2 



0.8 



4.5 



25 



30 



35 



CaS0 4 



0.8 



2.0 



3.5 



Flavor 



C; the same as that of without 
addition 



; rich, milky 



Mouthfeel 



C; the same as that of without 
addition (viscous aftertaste) 



B; smooth, refreshing aftertaste 



B; tofe-like, slightly harsh 



D; tofe-like, harsh 



B; smooth, refreshing aftertaste 



D; rough 



C; the same as that of without 
addition 



A; ric h, milky 
B; tofe-like, slightly harsh 



D; tofe-like harsh 



C;the same as that of without 
addition (viscous aftertaste) 



B; smooth, refreshing aftertaste 



B; smooth, refreshing aftertaste 



D; rough 



C; the same as that of without 
addition _ 



B; rich, slightly harsh 



B; tofe-like, slightly harsh 



4.5 



D; tofe-like, harsh 



C; the same as that of without 
addition (viscous aftertaste) 



B; smooth, refreshing aftertaste 



B; smooth, refreshing aftertaste 



D; rough 



40 



45 



50 



55 
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Heating «•» * — "* "* 

?wa c^me-cay ayaBb.,. Kite temm ™J£* » »» aboae-or.pa.ed h=™f»« 

H=r.n^ 

soybean milk was cooled with st.rr.ng to 7 C to obtain 

"ndenc,.na.«avo,wasde^ o , . dlrecl uM+igh , empe ,a, u ,. method w* 

™«i The reaute an summarized in Table 3 Lin la* * JJJJ^. dis , rMk> „ meaeut.m.nt dev«*H LA600 
K) « .0-0. The P^.^-^^^jSSf- « saltan. WUc aoid—d eoybean nr* 
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(continued) 


B 


| good 


C 


i ordinary 


D 


| bad 



Table 3 
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Relation between heating conditions and change in flavor and physical properties 


Amount of MgCI 2 

(%) 


2.0 


3.5 


2.0* 


2.0** 


Heating method 


Direct heating with steam 


Indirect heating 


Without heating 


Heating temp. 
<°C) 


140 


140 


140 


140 


80 


25 


Heating time 
(sec.) 


2 


4 


2 


4 


300 




Viscosity (cps) 


10.0 


10.0 


45.0 


11.0 


13 


6 


Particle size 
(u-m) 


0.84 


0.81 


5.53 


3.10 


1.10 


0.7 


Flavor of 
fermented milk 


A 


A 


B 


B 


A 


C 


Mouthfeel of 
fermented milk 


A-B 

smooth, very 
refreshing 




B 

somewhat less 
refreshing flavor 




B 


D 

viscous after-taste 



20 *' Example 1 , 

**: Comparative Example 

Example 3 

35 Effect of homogenization pressure 

[0046] Effect of homogenization pressure after heat treatment on a mouthfeel of lactic acid-fermented soybean milk 
was examined. 

[0047] Commercially available soybean milk without any adjustment of ingredients was heated to 80°C and magne- 
40 sium chloride (manufactured by Kishida Kagaku, food additive grade) dissolved in water was added thereto in an 
amount of 2.0% or 3.5% based on the solids content of the soybean milk (about 4% or 7% based on the crude protein 
content of the soybean milk). The mixture was stirred, heated at 80°C for 5 minutes and then homogenized with a 
homogenizer under pressured of 50 kg/cm 2 , 100 kg/cm 2 or 150 kg/cm 2 

[0048] Commercially available lactic acid bacteria, Lactobacillus bulgaricus, and Streptococcus thermophilus, were 
45 cultured individually. Each culture as a starter was added to the above-prepared homogenized soybean milk in an 
amount of 1% and the soybean milk was fermented in a culture tank at 40°C for 7 hours. Then, the soybean milk was 
cooled with stirring to 7°C to obtain a lactic acid-fermented soybean milk. The fermented soybean milk was at pH 4.0. 
[0049] Decrease in viscosity and the particle size were observed in all the homogenization pressure conditions of 
50 kg/cm 2 , 100 kg/cm 2 and 150 kg/cm 2 and, in comparison with a homogenization pressure of 0 kg/cm 2 , there was 
50 difference in refreshing aftertaste. In the case of a homogenization pressure of 0 kg/cm 2 , the fermented soybean milk 
was rough to the tongue. 

[0050] Further, differences in flavor, mouthfeel and physical properties were also recognized according to differences 
in amounts of coagulant. 

[0051] The results are summarized in Tables 4 and 5. In Tables 4 and 5, viscosity was measured by a Brookfield 
55 viscometer (BM model) at 10°C. The particle size was measured by a laser diffraction size distribution measurement 
device LA 500 (manufactured by Horiba Seisakusho). The flavor and mouthfeel of the resultant lactic acid-fermented 
soybean milk was evaluated by panelists organoleptically based on the following criteria. 
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Table 4 



Change in flavor and 



ph Y ^i nro oerties according to homoge nization condrtions 



Amount of MgCI 2 (%) 



Pressure (kg/cm 2 ) 



Viscosity (cps) 



Particle size (}im) 



Flavor of fermented milk 



Mouthfeel of fermented milk 



2.0 



13 



0.94 



50 



9.5 



0.82 



less refreshing, powdery 



A 
B 



100 



10.0 



0.81 



150 



9.0 
0.76 



Table 5 



■ z: T~ 3.5 _____ 



Amou nt of Mgcl 2 (%) 
Pressu re (kg/cm 2 ) 
Viscosity (cps) 



Particle size (u.m) 



18 



Flavor ol fermented milk 



Mouthfeel of fermented milk 



4.42 
A 



50 



12.0 



slightly rough 



3.41 
A 



B 



100 
11.0 



3.30 
A 



150 



10.5 



2.98 
A 



B 



40 



45 



SO 



55 



Example 4 

Processed fermented soybean milk 

and a smootl- ' moutMMl but also a vs,y nMHng atolasta. 
Claims 

milk to lactic acid fermentation. 
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2. The process according to claim 1 , wherein the coagulating agent is one or more members selected from bittern, 
salts and hydroxides of alkaline earth metals, and gluconic 8-lactone. 

3. The process according to claim 1 , wherein the coagulating agent is added in an amount of 2% to 8% by weight 
s based on the crude protein content of the starting soybean milk. 

4. The process according to claim 1, wherein the heating is carried out by a direct high-temperature short-time or 
ultra-high temperature method at 120°C to 150°C for 2 seconds to 10 seconds. 

10 5. The process according to claim 1 , wherein the homogenization Is carried out under a pressure of 5 kg£m 2 to 200 
kg/cm 2 . 

6. The process according to claim 1 , wherein the fermented soybean milk has a pH of 3.5 to 5.0 

15 
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